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1. Introduction

The results of the research carried out under NASA Grant NAG9-108 in the time

period May 1, 1985-April 30, 1994 have been published in refereed papers
(Section 2), and presented at scientific conferences with published abstracts
(Section 3). Also, a large number of invited lectures without published abstracts
were given. They are listed in the previous individual annual reports for this grant
and a listing is not repeated here.

The very significant record of publications provides direct evidence of the
productivity and accomplishments of the research program conducted under this

grant.

A copy of the 1993 paper by R. Prinn is appended to this final report since it has
not previously been sent to NASA.

2. Publications Supported in Whole or Part by NAG9-108

1985: B. Fegley, Jr. and J.E. Post, A refractory inclusion in the Kaba CV3 chondrite:
Some implications for the origin of spinel-rich objeccts in chondrites. Earth Planet.
Sci. Lett., 75, 297-310.

R. Prinn, The volcanoes and clouds of Venus, Scientific American, 252, 46-53.

B. Fegley, Jr. and H. Palme, Evidence for oxidizing conditions in the solar nebula
from Mo and W depletions in refractory inclusions in carbonaceous chondrites.
Earth Planet. Sci. Lett., 72, 311-326.

1986: B. Fegley, Jr., R. Prinn, H. Hartman, and H. Watkins, Chemical effects of large

impacts on the Earth's primitive atmosphere, Nature, 319, 305-307.

A.S. Kornacki and B. Fegley, Jr., The abundance and relative volatility of
refractory trace elements in Allende Ca, Al-rich inclusions: Implications for
chemical and physical processes in the solar nebula. Earth Planet. Sci. Lett., 79,
217-234.

1987: R. Prinn and B. Fegley, Jr., The atmospheres of Venus, Earth, and Mars: a critical

comparison, Annual Rev. Earth Planet. Sci., 15, 171-212.

R. Prinn and B. Fegley, Bolide impacts, acid rain, and biospheric traumas at the
Cretaceous-Tertiary boundary, Earth Planet Sci. Lett., 83, 1-15.

B. Fegley, Jr. and A.G.W. Cameron, A vaporization model for iron/silicate
fractionation in the Mercury protoplanet. Earth Planet. Sci. Lett., 82, 207-222.

1988: A.G.W. Cameron, B. Fegley, Jr., W. Benz, and W.L. Slattery, The strange
density of Mercury: Theoretical considerations. In Mercury, eds. C. Chapman, F.
Vilas, and M.S. Matthews, University of Arizona Press, Tucson, pp. 692-708.

A. Rubin, B. Fegley, Jr., and R. Brett, Oxidation state in chondrites. In Meteorites
and the Early Solar System (eds. J. Kerridge and M.S. Matthews, University of
Arizona Press, Tucson), pp. 488-511.

B. Fegley, Jr., Cosmochemical trends of volatile elements in the solar system. In
Workshop on the Origins of Solar Systems (eds. J.A. Nuth and P. Sylvester, LPI

Technical Report No. 88-04).



1989:

1990:

R. Prinn and B. Fegley,Jr., Solarnebulachemistry:origin of planetary,satellite,
and cometary volatiles. In Planetary and Satellite Atmospheres: Origin and
Evolution (eds. S. Atreya, J. Pollack, M. Matthews, Univ. of Arizona Press,
Tucson), 78-136.

R. Prinn and B. Fegley, Jr., Solar nebula chemistry: implications for volatiles in
the solar system. In The Formation and Evolution of Planetary Systems (ed. H.
Weaver, F. Paresee, L. Danly, Cambridge Univ. Press), 171-211.

R. Prinn, On neglect of non-linear momentum terms in solar nebula accretion disc
models, Astrophys. J., 348, 725-729.

1993: R. Prinn, Chemistry and evolution of gaseous circumstellar discs. In Protostars
and Planets III (eds. E. Levy, J. Lunine, Univ. of Arizona Press), pp. 1005-1030.

B. Fegley, Jr. and R. Prinn, Chemical reprocessing of the Earth's present and
primordial atmosphere by large impacts. In Interaction of the Solid Planet with the
Atmosphere and Cliamte (ed. G. Visconti, Editrice Galileo Galilei/Gordon and
Breach, Lausanne), in press.

3. Invited Papers with Abstracts Supported in Whole or Part by NAG9-108

1985: R. Prinn, Impacts, acid rain, and biospheric traumas. Trans. Amer. Geophys.
Union, 66, 813.

B. Fegley, Jr., R. Prinn, and H. Hartman, Chemical processing of the Earth's
earliest atmosphere by large impacts. Meteoritics, 20, 644-645.

1986: A.S. Kornacki and B. Fegley, Jr., Fractionated lithophile and siderophile refractory
trace element patterns in CAIs: Implications for grain transport. 49th Meteoritical

Society meeting, NY, NY, September 22-26, 1986. Abstract: Meteoritics, 21, 422-
423.

B. Fegley, Jr., Formation of dust grains in cool, stellar atmospheres:
thermochemical kinetic models. 49th Meteoritical Society meeting, NY, NY,

September 22-26, 1986. Abstract: Meteoritics, 21, 378.

1987: B. Fegley, Jr. and R. Prinn, Chemical models of impact-generated atmospheres on
the early Earth. Trans. Amer. Geophys. Union, 68, 1337.

B. Fegley, Jr., Carbon chemistry and organic compound synthesis in the solar
nebula. 50th Meteoritical Society meeting, Newcastle, England, July 20-24, 1987.
Abstract: Meteoritics, 22, 378.

1988: R. Prinn, After the fall: effects of large impacts on the atmosphere and biosphere.
Amer. Assn. Advan. Sci., Publ. 87-30, 12-13.

B. Fegley, Jr. and R. Prinn, Oxygen production by large impacts into the Earth's
early atmosphere. In Proceedings: Conference on the Origin of the Earth (Lunar
and Planetary Institute Contribution No. 681, Houston), pp. 18-19.



1989:

1990:

1991:

1994:

R. Prinn andB. Fegley,Jr.,Chemicalinteractionsbetweenthepresent-dayMartian
atmosphereandsurfaceminerals:implicationsfor samplereturn. In Proceedings:
Mars Sample Return Science Workshop (Lunar and Planetary Institute Technical

Report 88-07, Houston), pp. 141.

R. Prinn and B. Fegley, Jr., Biospheric traumas caused by large impacts and

predicted relics in the sedimentary record. In Proceedings: Snowbird Conference
on Global Catastrophes in Earth History (Lunar and Planetary Institute Contribution

No. 673, Houston), pp. 145.

R. Prinn and B. Fegley, Jr., Chemical interactions between the present-day Martian

atmosphere and surface minerals. In METV Workshop on the Nature and
Composition of Surface Units on Mars (Lunar and Planetary Institute Technical
Report 88-05), pp. 105.

R. Prinn and B. Fegley, Jr., Atmosphere-surface interactions on Venus and Mars.
Trans. Amer. Geophys. Union, 70, 387-388.

R. Prinn, Solar nebula mixing and the origin of ice-rich satellites and comets.
Bulletin Amer. Astron. Soc., 21, 914.

R. Prinn, Chemical state and evolution of protoplanetary discs. Invited paper at
Conference on Protostars and Protoplanets III, Tucson, AZ, March 5-9, 1990.
Abstract in: Protostars and Planets III, p. 19..

R. Prinn, Terrestrial environmental effects of large impacts: a review. Trans.
Amer. Geophys. Union, 71, 1425-1426.

R. Prinn, Biospheric traumas caused by large impacts. Invited paper, 28th
COSPAR meeting, The Hague, The Netherlands, July, 1990.

R. Prinn, Planetary volatiles and atmospheres. Invited paper, Gordon Conference
on the Origins of Solar Systems, New London, July, 1991.

R. Prinn, Atmospheric and biospheric effects of large collisions over geologic time.
Invited paper, International Conference on Near-Earth Asteroids, San Juan

Capistrano, July, 1991.

R. Prinn, Planetary atmospheres: Three decades of exploration. Trans. Amer.

Geophys. Union, 75, 51.
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TABLE I1"

Condensation Sequences Predicted ill the Circumsolar Gas-Dust Disk and CircunJovian Planet Gas/Dust Disk h

CO-Rich

Circumsolar Disk

CO + Hydrocarbons

CircumJovian Planet disk

CH4-Rich

Largely anhydrous rock"

tt20 (150 K)

NH.,HCO)/NIt4COONtI2 ( 150,

130 KY

Largely anhydrous rock'
lnvolatile carbonaceous

colnpoullds_e,/1

t120

Ntt4IICO_/NI I4COONt t f

Light hydrocarbons and

hydrocarbon clathrates e

CO2 (70 Ky CO2"
CO,6H20 (60 K) h CO-6H20 t'

N2.6H20 (55 K) J' N2 - 6H._O h

CO (20 K) CO (20 K)

N2 (20 K) N2 t20 K)

Largely hydrous rock a

H/O (235 K)

NHv H20 (160 K)

CH4. 6H20 (94 K)

CH4 (40 K)

CO (20 KF

N2 (20 KY

" Prinn and Fegley 1989.
_' Condensation temperatures in models (Lewis and Prinn 1980; Prinn and Fegley 1981) are given fl_reach condensate where available. For the

circumsolar disk the CO-plus-hydrocarbons sequence is preferred with the condensation temperatures being slightly below those in file CO-rich
case (the precise temperatures will depend on the degree of CO to hydrocarbons conversion).

" Olivine, pyroxene, troilite, unoxidized Fe, feldspar, etc.
a Serpentine, talc, magnetite, troilite, tremolite, etc.
" These compounds contain <10 -2 of the lotal C or N.
! Exemplified by Organicmau_al in chondrites, and formed by nebular Fischer-Tropsch-type r_ctiov.s and/or of inw.rslellar or_in.
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